4EA 1 OO i AOAA ' AT OPAOEAI T7AOAOOEA?’

Introduction to AGWA and the Add Storage Tool

Introductiort | In this exercise you witharacterize a stock pond aedaluateits impactson runoff
in a small watershed on the Walnut Gulch Experimental Watershed (WGEW).
Goal To familiarize yourself with AGWA aitsl application fowatershed assessment
where ponds/erosion control structures exist.

Assignment | Run theKINEROSRodelon awatershedwith and without a stock pond.

Background

Stock ponds and erosion control structuse® ubiquitous orrangelands of the Western United States.
Previous estimates state that there is roughly 1 stock watering reservoir per squaritie state of
Montang in Arizona thesestimatesare similar (Langein et al., 1951). While the basic function of stock
ponds has been undestood for many decades, they are often disregarded in watershed scale hydrologic
analysis. This disregard is rhte to lack of importance, rather lack of available data to characterize the
storage and discharge relationships for the structures. However, with high resolubdtRbased digital
elevation models (DEMs) becoming more widely available we can bettdifidend characterize small
topographic features across large areasiBARIight overthe Walnut Gulch Experimental Watershed
(WGEW)n southern Arizonavas completed in 2015 and a high ragan DEM was developed from

that data. There are eight stoggonds in WGEW that have been monitored mostly for sediment yield
and accumulation (Nichols 2006).

The Study Area

For this excericise we wildk at a small watershed with a stock pond near its outlet. The tutorial will
simulate this small watershed WGEW with and without the stogdond to understand its effect on
hydrology. AGWA will be used to parameterize the KINematic Runoff and EROsion Model (KINEROSZ2;
Goodrich et al. 2012yww.tucson.ars.aqg.qdkineros), and to input the data to simulate the erosion
control (EC) structures atams.We will view runoff and peak flowwith and withoutthe existingstock

pond.

The USDARS Southwest Watershed Research Center, in cooperation with the U.S. EP#f Office
Research and Development, and the University of Arizona developed the AGWA geographic information
system (GIS) based tool to facilitate this process. A GIS provides the framework within which -spatially
distributed data are collected and used to prepanedel input files and evaluate model results in a

spatially explicit context.

www.tucson.ars.ag.gov/agwa
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This exercise examines the effectsaaftockpond on the hydrology o small watershed in WGEWhe
results disclose immediate changes to the hydrologic regime that are attributathe &iructure The
most notable change is reduced peak runoff.

Getting Started

Start ArcMap with a new empty mapa& the empty map document astorial_ WGEW_Ponéh the
CA\AGWAworkspacétutorial_ WGEW_Pondolder (you may need to create the tutoridNGEW_Pond

folder). If theAGWAToolbaris not visible, turn it on by selectiigustomize> Toolbars> AGWAToolbar

on the ArcMap Main Menu bar. Once the map document is opened and saved, set the Home, Temp, and
Default Workspace folders by selectingWA Tools Other Options> AGWA Preferencesn the

AGWA Toolbar

www.tucson.ars.ag.gov/agwa
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AGWA Tools =

T Home:CA\AGWA

Temp:CAAGWAtemp\

1 Default WorkspaceCA\ AGWAworkspaceatutorial WGEW_Pond
The default workspace locationayneed to be created by clicking ¢ime Make New Folde
button in the window that open# you did not create it when saving the map document

=

The Home folder contains all of th@ok-up tables, datafiles, models, and documentation required
for AGWA to run. If this is set improperly or you are missing any files, you will be presented wit
warning that lists the missing folders or files that AGWA requires.

The Temp folder is wheome temporary files created during various steps in AGWA will be pla
You may want to routinely delete files and folders in the Temp folder if you need to free up spa
are interested in identifying the temporary files associated with your next AG%e.

The Default Workspace folder is where delineation geodatabases will be stored by default. This
be a helpful timesaver during the navigation process if you have a deeply nested folder structul
where you store AGWA outputs.

GIS Data

Before addiig data to the map, connections to drives and folders where your aisatored must be
SadloftAaKSR AT GKSeé KIFI@S y2404 0SSy |tNBFIRed ¢2 Sai
click on theAdd Databutton [+[-|below the menu bar at the top ofhe screen. In the Add Data form

that opens, click th€onnect To Folddyutton and selecOS (Q.

s N ~
Add Data &J Connect To Folder @
Lok in: I@ Home - Documents\ArcGIS v‘ & I 3 | =i Bl & Choose the folder to which you want to connect:
[zl Home - Documents\ArcGIS
& Folder Connections B Desktop o
B Toolboxes * 9 Libraries
@Database Servers - & Jane Barlow =
@Database Connections 418 Computer
%:;S ;erver; o & os(c)
'y Hosted Services T .
— DVD RW D D:
@Tracking Connections = rive (B
* [w My Book (E3)
t.‘I-I Metwork
* . bhes_iclus_al
MName:
Folder: s}
Show of type: | patasets, Layers and Results
Make Mew Folder I [ OK ] I Cancel

www.tucson.ars.ag.gov/agwa
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Once the folder connection is established, navigate toGhAGWA gisdata tutorial_ WGEW_Pond
folder and add the following datasets and layers:

T .\lidar_dem
M1 .\nlcd2011
T .\outlet.shp
T .\wss_aoi_201610-10_1%12-5Aspatiahsoilmu_a_aoi.shp
1 ..\ PondSummaryPond208.shp — .
You wi . e o8 =
ou will also need to add some other data to the project. To do th|| S |

again click on thé&dd Databutton. Navigate to the
CA\AGWA datafiles\ folder and add the following files:

T .\c_lutsmrlc2001_lut.dbf¢ MRLC lockup table for NLCD land cover

Take a look at the data you have available to you to familiarize yourself with the area. Layers can be
reordered, turned on/off, and theiltegends collapsed to suit your preferences and clean up the display.
If the layers cannot be reordered by clicking and draggingl.isteBy Drawing Ordébputton may need

to be selected at the top of th€able Of ContentsZoom backo the Pond 208egionby rightclicking

on thelidar_demrasterin the list of layers and selectiom To Layer

Save the map document and continue.

Part 1: Modeling Runoff in Study Area Using 2011 Land Cover

Step 1: Delineating the watershed

Delineating creates a feature class that representsethigre area draining to a usespecified outlet. In

order to delineate a watershed, AGWA first utilizes the Fill, Flow Direction, and Flow Accumulation tools
from ArcToolbox.

1. Perform the watershed daleation by selectindGWATools> Delineation Options> Delineate
Watershed
1.1. Output Locationbox:
1.1.1. Workspacetextbox: navigate to and select/create
CA\AGWAworkspacatutorial WGEW_Pond
1.1.2. Geodatabaseaextbox: Pond 208
1.2. Input Rastershox:
1.2.1. DEMtab: lidar_dem
1.2.2. Youneed to pess theFill button. This will create a new raster callgitlidar_dem
1.2.3. FDtab: ClickCreatethis will make a new raster callddfilllidar_
1.2.4. FAtab: ClickCreatethis will make a new raster callddfilllidar_
Note: Youcan create these rasterssing existing ArcGIS tools

www.tucson.ars.ag.gov/agwa
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1.3. Outlet Identificationbox
1.3.1. Point Themdab:
1.3.2. Selectoutlet
1.3.3. Click theSelect Featurebutton [ and draw a rectangle around ttwaitlet point {here
is only one point in this feature class). Tpdént isthe outlet of this watershed

~

-
o-! Delineator e

Qutput Location Qutlet ldentification

Viorkspace:  sace\tutorial WGEW_Pond\ [ User-Defined | Point Theme

- Select a watershed outlet from a point
Geodatabase: Pond_208 feature class.

|  Input Rasters [outlet h ]

[DEM [FD | FA | Stream Network

A Flow Accumulation (FA) raster X 532471.75 I
represents the accumulation of runoff for a Y. 351302075
DEM. Click Create if it does not exist.
Snap Radius: 0

[Fafiliar_ -

Help ] [ Close

E Ready

1.4. ClickDelineate
Save the map document and continiéur watershed shdd look like the image below.

B totorial WGEW S =

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

DEE& & BB x| oo |b-[15m

BRAN@H e W-T 8O B al B
W analyst- [Ericaoit [P e LB S @I @ i
AGWA Took~
Table OF Contents " x
o8 E
= SEE

23 ial WGEW._f
5 @ Pond208

O
B B CAAGWA\gisdata\tutorial WGEW_Pond
B B outlet

.
El=[e LWGEW,]

= @ Pond208
.

isdata\tutorial_WGEW_Pondwss_aoi_2)

O
B B3 CAAGWAWworkspace\tutorial WGEW _Pond\
B B fdfillidar_

Ce4
s
B @ fafilllidar_
Value
High': 4.08834e+006

Low: 0
= @ fillidar_dem
Value
High': 1457.68
Low:1396.37
= EJ CAAGWA\gisdata\tutorial WGEW_Pond\

nlcd2011
El

r_dem
Value
High': 1457.68

Low:1396.37

v m@elen <

Step 2: Discretizing or subdividing the watershed
Discretizingoreaksup the delineated watershed into model specific elements and creates a stream
feature class that drains the elements.
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2. Perform the watershed discretization by selecth'@WATools> Discretization Options Discretize

Watershed

DESCRIPTIOIN the Discréizer form, several parameters are defined including the model to use,
the complexity of the discretization, the name of the discretization, and whether additional pour
points will be used to further control the subdivision of the watershed.

2.1. Delineation selectPond 208 Pond 208

2.2. Model: selectKINEROS

2.3. Stream DefinitionMethodologybox: select Thresholdbased
2.3.1. Thresholdbased selectCSA (acres)
2.3.2. Thresholdleave alone, this will update tb2.62upon changing the next variable.
2.3.3. Percent Total Watershedenter5.00

2.4. Internal Pour Pointdviethodology. SelectDefault

2.5. Discretization Namédyox: enterkl

ol Discretizer

). [ |

Delineation:

[Pond_208\Fond_208

Delineation Info:
Model:

[KINEROS

Stream Definition Methodology:

[Threshold based

Thresheld-based:

[csA facres)

Threshold:
1262

Percent Total \Watershed:
5.00

[ Enforce CSA

Intemal Pour Points Methodology:

[Defaut

Discretization Name:

k1l

[ Discretize ] [

Help

J

Close

Ready

2.6. ClickDiscretize

2.7. Zoom to the newly createplanes k1 layer. Save the map document and continue.

www.tucson.ars.ag.gov/agwa
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Discretizing breaks up the delineation/watershed into model specific elements and creates a st
feature class that drains the elemenihere are many methods available within AGWA to break (¢
the watershed. In this case threshdbdised was used becaugdiappened to break the watershed

where the existing stock pond is located. Other methods would be appropriate if more stock po
or erosion control dams are to be modeled. The streams and planes can be divided using chan
initiation and/or internal ur points where storage structures exist.

Step 3: Parameterizing the watershed elements for KINEROS2

Parameterizing defines model input parameters based on topographic, land cover, and soils properties.
Model input parameters represent the physical projies of the watershed andre used to write the

model input files.

3. Perform the element, land cover, and soils parameterization of the waterbhémte the prescribed
burn (preburn) by selectingAGWATools>Parameterization Options- Parameterize
3.1. Inputbox:
3.1.1. Discretization Pond_208k1
3.1.2. Parameterization Name2011
3.2. Elementsbox:
3.2.1. Parameterization Create new parameterization
3.2.2. ClickSelect OptionsTheElement Parameterizeiorm opens.

www.tucson.ars.ag.gov/agwa
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o5 Parameterizer | S |
Input
Discretization: Pond_208'%1 - |
Parameterization Name: 2011
Elements
i Parameterization: ‘Create new ization b
Select Options 0
Land Cover and Soils
Parameterization: ‘ -
(|
(|
i
(|
Help Close
Ready ...
k.

3.3. In theElement Parameterizeiorm:
3.3.1. Flow Length OptionsGeometricAbstraction
3.3.2. Hydraulic Geometry Optionkox:
3.3.2.1. Select theWalnut Gulch Watershed, Aifem.
Do not click theRecalculatebutton.
Do not click theeditbutton.

Hydraulic geometry relationships define bankfull channel width and depth based on watershe
size. Bankfull relationships are useful in that they define channel topography with minimal inp
and effort by the user; however, there are some drawbacks. Tlioakhips are designed to be
applied to very specific physiographic regions and outside of these regions the performance ¢
relationships in accurately depicting the channel geometries severely declines.

www.tucson.ars.ag.gov/agwa
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.
a.! Element Parameterizer EI_‘ﬂ_hJ
< )

Discretization Pond_2084c1
Flow Length Options

IGeometnc Pbstraction v]

Hydraulic Geometry Options
[ Walnut Guich Watershed, AZ -

Relationship Name | Walnut Gulch Watershed, AZ

i Channel Width (m) =|0.0724 3 [frea]”
Channe! Depth (m) = 0.0502 x [Area]” |0.1523
Edit
I Channel Type
Natural V] I
Hydraulic 210
Conductivity
(mm/n) o pervious Sand
Roughness
(n) )
Concrete h’ff_“}_
Amoring (——  [0.0DDD
(fraction
covered) 1
Channel Description | Natural
Edit
i
Continue I l Help I { Cloze I

3.3.3. Channel Typé&ox:
3.3.3.1. SelectNatural.
3.3.3.2. Do not cickthe Editbutton.

There are three channel types available by default: Default, Natural, and Developed. The Defal
channel type is equivalent to the Natural channel type. The Natural channel type reflects a sang
channel bottom with high infiltratiomnd a winding but clean channel with roughness set to 0.035
alyyAyaQa yo ¢KS 5S@St2LISR OKIyySt (&L)lS NB
NRdzAKySaa asSa G2 nonmn alyyAiAydaQa y> | yR. TN

3.3.4. ClickContinue You will be returned to tharameterizerform to performthe Land
Cover and Soils parameterization.
3.4. Back in thdeand Cover and Soit®x of theParameterizerform
3.4.1. Parameterization Create new parameterization
3.4.2. ClickSelect OptionsTheLand Cover and Soilsrm opens.

www.tucson.ars.ag.gov/agwa
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o Parameterizer | o e

Input
Discretization Pond_208\ 1 -

Parameterization Name: 2011

Elements

I Parameterization: [Create new 1 i

Select Options |

Land Cover and Scils
Parameterization: [Create new ion i

' [ Seecaiors | ©

- Blement parameterization options recorded successfully -

Ready ...
L

3.5. IntheLandCover and Soilorm:

i [ ~
o5 Land Cover and Soils l = —tS | ol Land Cover and Soils [ = &J
Discretization Pond_2084k1 Discretization Pond_20841
Land Cover | Soils [ Distubance (optional) | | Land Cover | Soils | Distutbance (optianal)
Land cover grid: [nlchﬂ‘I‘I v] Soils layer: [soilmu_a_aoi V]
Look-up table: [mrch{H]‘I_ILrt v] Soils database: CAAGWA\gisdata'tutorial_WGE'
| |
i i
[ Help ] [ Close ] [ Continue ] [ Help ] [ Cloze ]

3.5.1. Land Covetab:
3.5.1.1. Land cover gridnicd2011
3.5.1.2. Lookup table: mrlc2001_lut
NOTE:If the mrlc2001_luttable is not present in the combobox, you may have
forgotten to add the table to the map earlier. If this is the case, click o\ttt
Data button and browse to th&€\ AGWA datafiles\Ic_luts\ folder and select
mrlc2001_lut then select thanrlc2001_luttable from the combobox.
3.5.2. Soilstab:
3.5.2.1, Soilslayer:soilmu_a_aoi
3.5.2.2. Soils databasenavigate to and select
CA\AGWA gisdata tutorial. WGEW_Pondwss_a0i 201610-11 1313
02 soildb_US 2003.mdb
3.6. ClickContinue You will be returned to thParameterizerform where theProcesdutton will
now be enabled.
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F E B
o-! Parameterizer - - l.‘:' ﬁ

Input
Discretization: [ Pond_20841 hd ]

Parametenization Name: 2011

Elements
| Parameterization: [Create new parameterization -
|l
Select Options |
1 Land Cover and Soils
Parametenzation: [Create new paameterization -
1 Select options | o

- Land cover & soils parameterization options recorded successfulty -
- Element parameterization options recorded successfully

[ Process ] [ Help ] ’ Close ]

i Ready ...

3.7. In the Parameterizerform, clickProcessWhen the parameterization is complete, cliClose
In this last step, parameterization loelp tables for the overland flow elements and stream elements
have been created to store the model input parameters representing the physical properties of the
watershed.

Step 4: Preparing rainfall files
4. Write the KINEROS$Recipitation file for the watershed by selectidgsWATools > Precipitation

Options >Write KINEROSBrecipitation
(42 KINEROS Precipitation “f (ol 0

Discretization:

[Pond_208%1 -]
Storm Source:

[Userdefined depth -
Diepth (mm):

42,164

Diuration (hrs):

1 (|
Time steps i
7 |

Storm/hyetograph shape:
[sc5 Type i -
Initial soil moisture:

U 0.20 f= M
| 0.14 033
Storm location:
| [ﬂpplyto entire watershed v] i

Filename:
Il 10yribr

[ ‘wirite ][ Help ][ Close ]

4.1. KINEROS Precipitatidarm

11
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4.2. Discretization Pond_208k1
4.3. StormSource selectUserDefinedDepth
4.3.1. Depth (mm) enter42.16
4.3.2. Duration (hrs) enter 1
4.3.3. Timesteps enter7
4.3.4. Storm/hyetograph shapeselectSCS Type I
4.3.5. Initial soil moisture:select0.2
4.4. Storm LocationselectApply to entire watershed
4.5. Precipitation filename:enter 10yrlhr
4.6. ClickWrite
4.7. AGWA KINEROS Precipitatimmdow: Clickres

DESCRIPTIOAGWA offers several methods of ugksfined rainfall input. They include using a
National Oceanic and Atmospheric Administration (NOAA) Precipitetiequency grid, a user
defined storm, a usedefined hyetograph, or a prdefined storm taken from a dabase. In this
exercise, the storm was chosen by consulting the NOAA Precipifat@quency table for the
Tombstone climate station, near the Pond_208 Watershed. The depth for a 10 year 1 hour stof
nH®Mc YY 6 mydar,dhour designkt&rm isommonly chosen in arid environments as a
representative storm.

Step 5: Writing KINEROS2 input files

Writing the model input files creates a simulation directory and writes all required input files for the
model. When writing the input files, AGWA lodpsough features of the selected discretization and
reads the model parameters from the parameterization lagktables to write into the input files for
the model.

5. Write the KINEROS2 simulation input files for the watershed by sel@oBNMgATools > Simaition
Options >KINEROSptions > WriteKINEROBput Files
[ all KINEROS Simulation Information (o] 0 |

Basic Info | Optional Muttiplisrs

Select the discretization:

[Fond_208\k1 -|
Select the parameterization:
[2011 -

Select the precipitation file: -
IC:"u&GWﬂ"\woﬁ(space"\tLrtorial_WG EW_Pond“Pond_208"k 1%precip’1 Oyt 1hr pre YI \EJ

Select the multiplier file:
I - (=]

Select a name for the simulation:
10yrike_2011|

wite | [ Help | [ Close

5.1. Basiclnfotab:
5.1.1. Select the discretizatiorPond_208k1

12
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5.1.2. Select the Parameterizatiar?011

5.1.3. Select the precipitation filel0rylhr.pre

5.1.4. Select the multiplier fileleave blank

5.1.5. Select a name for theimulation: 10yrilhr_2011
5.2. ClickWrite.

Step 6: Executing the KINEROS2 model
When you e&ecuke the KINEROS modelcommand windovopens. By default, the command window
stays open so that success or failure of the simulation can be verified.

6. Run the KINEROS8®del for thePond 208vatershed by selectingGWATools> Simulation
Options>KINEROS®ptions> ExecuteKINEROSlodel.
o= Run KINEROS - [ESREER)

Select the discretization: |P0nd_2DE"-J<1 b |
Select the simulation: |1D5'r1hr_2|}11 h |
|. Run | | Help | | Close |

6.1. Select the discretizatiorPond_208k1
6.2. Select the simulation10y1h 2011
6.3. ClickRun The command window will stay open so that successful completion can be verified.
Press any key to continue. Close fhen KINERO&ndow.

BN CA\Windows\system32\cmd.exe [E=NEER)

c:swindowsssystem32 >pushd C:~AGUANworkspacestutorial WGEW_Pond~Pond_288~ki“simul
lationss1Byrihe_ 2011

IC:~AGWA~workspace~tutorial WGEW_Pond“Pond_288“kissimulationsx1Byprlhr_2011>k2 -h

Proceszing CHAMNEL L4

Event Uolume Summary:

Rainfall 42 16880 mm 43B69 .95 cu m
Plane infiltration 19.92240 28352 .
Channel infiltration 4.423%6 4519.
Interception a.758808 P66 .
Storage B.680835 a.
Outf low 16.89925 17263.

Error (Uolume in - Uolume out - Storaged { 1 percent
Time step was adjusted to meet Courant condition
Total watershed area = 182.1583 ha

Sediment yield = 4.549918 tonssha

Cediment yield by particle class:

Particle size (mm) a.258 Aa.833 a.0884
Yield <{tons-had> 3.866356 a.384583 A.2998608

C:~AGWA~workspace~tutorial WGEW_Pond“Pond_288-kissimulations»\18yrlihr_2011 >popd

c 2 sWindows“8ystem3d2 >pause
Press any key to continue . . .
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At this point,2011conditions have been simulateth Part 2the stock pond will be characterize@ihe
stock pand (a.k.a. storage structurgjill be simulated in Part 3 artie impacts of these structurill be
analyzed in Part 4.

Part 2: Characterize Existing Stock Pond
Inthis part, we will use a Python Toolbox to characterize the stock pond near the outlet of the defined
watershed. The Python Toolbox will be in BRAGWA gisdata tutorial. WGEW _Pondolder.

7. Open the Catalog windo_m. Navigate taC\ AGWA gisdata tutorial_ WGEW_PondPond

Characterization Tool.pytExpand this tool box.
= EP Pond Characterization Tool.pyt
& A.Identify and Characterize Existing Storage
3 B. Calculate Dam Discharge

3 C. Export summary files to KINEROS2 input files for use in AGWA Tool.

Step 1: Identify and Characterize Existing Storage
8. Double ClickA. Identify and Characterize Existing Storage
8.1. Unfilled DEM navigate to and selec€\ AGWA gisdata tutorial WGEW_Pondidar_dem
8.2. FilledDEM (optional) navigate to and select
CAAGWAworkspacatutorial WGEW_Ponfilllidar_dem
8.3. Flow Accumulation Grid (optionalpavigate to and select
CAAGWAworkspacatutorial WGEW_Pontfafilllidar_
8.4. Dam Point Shapefilenavigate to and select
CA\AGWA gisdata\ tutorial_ WGEW_PondPondSummaryPond208.shp
8.5. Dam ID FieldselectPond_ID
8.6. Output Folder navigate to and select
CA\AGWA gisdata tutorial WGEW_PondPondSummary
[ [ A Identify and Characterize Existing Storage =RNE X

-

Unfilled DEM
C:\aGWA\gisdata\tutorial_WGEW_PondVidar_dem

Filled DEM (optional)
C:acwaworkspace\wtorial _WGEW _Pond\fillidar_dem

Flow Accumulation Grid (optional)
C:lacwaworkspace\wtorial _WGEW _Pond\fafillidar _

Dam Point Shapefile
C:\AGWA\gisdata\tutorial_WGEW_PondPondSummary\Pond 208.shp
Dam ID Field
Pond_ID
QOutput Folder
C:\aGWA\gisdata\tutorial_WGEW_PondPondSummary

0

4

o)

[ 0K l [ Cancel l [Environments... l [ Show Help => ]

W s — =
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8.7. ClickOK.When the tool has completed the following messages will be displayed.

8.8. ClickClose

DESCRIPTIOCGharacterizing esting storage involves calculation of surface area and volume for
various potential stages of water behind small dafrtse basis of these calculations in the Pond

Characterization Tool is a commonly used ArcGIS toofném G KS / dzi CAtf (2
0KS @2ftdzyYS OKIFIy3aS o6SigSSy (o2 &adzNFIF O0Sa¢ 09
of the storage structure (a.k.a. the bottom of the pond) and various stages within that surface. ]
maximum surfacarea and volume are calculated from the filled surface comptwate unfilled
surface (the bottom of the pond). The filled surface is created using the ArcGIS Fill tool that altg
DEMs so that water can continue to flow.

Step 2: Calculate DamDischarge
9. Double ClickB. Calculate Dam Discharge
9.1. Pipe/Culvert Outlet SizeselectNo Pipe
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